5ummary -The effect of microwave heating during 2-4 min on the riboflavin, a-tocopherol and retinol content of milk, with three different fat levels, was studied by HPLC. The riboflavin content was not significantiy modified by this treatment. Heating during 2 min did not modify the atocopherol content of whole milk, but in the case of low fat milk, the a-tocopherol content significantly decreased. The effect on the retinol content was less pronounced but still significant (P < 0.05). Further heating (up to 4 min) did not modify the vitamin content in any case. 
INTRODUCTION
Microwave processing can offer several distinct advantages when compared to conventional heating methods.
These advantages include speed of operation, energy savings, precise process control, etc. Speed of operation is the primary advantage. Since microwaves penetrate within a food and not just at the surface, heating occurs more rapidly. This accelerated heating provides for a higher quality product in terms of taste, texture and nutrition al content (Giese, 1992) . Microwave sterilization can deliver products that taste good because microwaves are able to heat the product 3-5 times faster than conventional sterilization systems (Halfinger, 1992) .
The domestic use of microwave ovens to heat different foods has been widely extended du ring the last few years, despite its numerous problems of uneven cooking, lack of browning and crisping, etc. It is rarely a cooking tool, but rather a rapid convenient reheater which is used so frequently during the day that consumers are not even aware of it (Schiffmann, 1992) . This is particularly the case of milk feeding bottles, normally heated by microwave oven because of the speed and convenience.
It is assumed than the nutritive value of food is scarcely affected after microwave heating. Few data exist on the effects of microwave heating on the vitamin content of milk (Cross and Fung, 1982; Vidal-Valverde and Redondo, 1993) . It is known that tocopherols are sensitive to oxidation, heat and light. Heat and ionizing radiations are also known to calalyze autoxidation processes (Cross and Fung, 1982) which have also been presumed to be taking place during processing and storage of retinol and tocopherol-eontaining foods (Packer et al, 1981; Vidal-Valverde et al, 1992 .
The purpose of this work was to study the riboflavin, oe-tocopherol and retinol content of cow milk containing three levels of fat as weil as the effect of microwave heating, using domestic conditions, on the retention of riboflavin, a-tocopherol and retinol.
MATERIALS AND METHODS
Three types of commercial cow UHT milk containing different levels of fat have been studied: whole milk (3.3%); low fat milk (1.45%); and skim milk (0.2%). Four lots, consisting of three 15Q-ml milk sampi es of whole milk, low fat milk and skim milk respectively, were exposed to 700 W (2450 MHz) microwave treatment (EM-7S0 Sanyo Electric Co, Osaka, Japan), during 2 min in the dark. Another four lots, prepared in the same manner, were submitted to the same heat treatment, for 4 min. The sampi es were quickly cooled in an ice bath and finally frozen for storage. Control samples not subjected to microwave heating were also frozen (-20°C) in glass boUles protected trom the light. Storage time never exceeded 60 days before analysis (Vidal-Val verde et al, 1992 . Table 1 summarizes the conditions of milk treatment with the microwave oven. The times of heating and the increase of milk temperature during the process are given. Domestic conditions were used in this study.
Extraction of a-tocopherol and retinol
oe-Tocopherol and retinol of control and heated samples of milk were detennined by HPLC (VidalValverde et al, 1992 (VidalValverde et al, , 1993 . Milk (10 ml), proteeted from light, was mixed with ascorbic acid solution (50 ml, 5% wlv) and potassium hydroxide solution (10 ml, 50% w/v) in an 500-mI'Erlenmeyer flask. The mixture was heated for 20 min in a water-bath (SO-90°C), with stirring under reflux conditions in a nitrogenatmosphere. This solution was repeatedly extracted with diethyl ether in a separatory funnel (150 ml total volume). Butylated hydroxytoluene (5 mg) was added to the ether extract. The ether was removed in a rotary evaporator, under nitrogen atmosphere, in a water-bath at tempe rature lower than 40°C. Ethanol (10 ml) was added to the residue and removed again under vacuum. Finally, the residue was dissolved in methanol (5 ml), filtered through an 0.45-lJm membrane (HAWP, Millipo~e) and quantified by HPLC. Means values and standard deviation (n = 4); moyenne des 4 déterminations ± écart type.
The extraction and quantification method here described (which includes a saponification step), allows only for the analysis of total retinol content. The same cou Id be stated about the tocopherol esters. However, in the analysis of unfortified milk, this is not important since tocopherol esters are not present in natural foods.
Extraction of riboflavin
Milk (10 ml), protected from Iight, and 0.3 N HCI (10 ml) was weil mixed and autoclaved for 20 min at 121°C. After cooling to ambient temperature and pH adjustment to 4.5 the samples were filtered through No 40 ashless Whatman filter paper and filled up with distilled water to 100 ml. An aliquot was filtered through an O.45-~m membrane (HAWP, Millipore) and analysed by HPLC.
HPLC determination
HPLC analysis of a-tocopherol and retinol were carried out using a chromatograph model KNK-500 (Konik Instruments SA) equipped with a model KNK-029375 gradient controller and a model KNK-029757 UVNlS detector. Data were processed on a model SP-4290 computer integrator (Spectra-Physics, CA, USA).
Stock solutions of DL-a-tocopherol containing 31.4 mg of ot-oe-tocopherol in 250 ml of methanol and 10.38 mg of retinol in 100 ml of methanol were prepared. Different standard solutions ranging between 0.3 and 5.02~glml of the c-tocopherol and between 0.2 and 4.15~g/ml of retinol were prepared from the above stock solutions. The standard solutions were protected from Iight.
HPLC determination of riboflavin was carried out using a Model M-510 pump (Waters Associates), a Rheodyne M-7125 injector (Cotati, CA, USA) and a Model 470 fluorescence detector (Waters Associates). Results were processed on PC NEC Power Mate 1 with a Maxima database (Millipore Corporation, Waters Chromatography Division, Wilford, CT, USA). Riboflavin standard solutions (0.1, 0.2 and 0.4~glml) were prepared every week from a stock riboflavin solution containing riboflavin (10 mg) in 0.01 N HCI (500 ml). The standard solutions were protected from Iight.
The chromatographic conditions are summarized in table II. Peak identification was based on the comparison of retention times as weil as by 
Statistical methods
Multifactorial analysis of variance was applied to the data using Statgraphics, Statistical Graphies System 2.1 (Statistical Graphies Corporation, Rockville, MD, USA) with an IBM Personal System/2 Model 20 Computer (International Bussines Machines Corporation, UK).
RESUL TS AND DISCUSSION
Three types of cow milk with three levels of fat (3.3%, 1045% and 0.2%) were studied.
The riboflavin, a-tocopherol and retinol content of whole, low fat and skim milk are given in table III. The amount of riboflavin ranges between 1.54-1.72 mg!!. The content of liposoluble vitamins a-tocopherol and retinol was related to the content of fat. Thus a-tocopherol and retinol contents were 1.03 and 0040 mgll for whole milk, 0.35 and 0.12 mg!1 for low fat milk respectively and were not detected in skim milk.
The effect of microwave heating on riboflavin, a-tocopherol and retinol content of whole, low fat and skim milk are given in table III. The riboflavin content was not significantly modified after microwave heating for 2 or 4 min in any type of milk. The atocopherol and retinol content of whole milk were also not modified after microwave heating for 2 or 4 min. In the case of low fat milk, heating during 2 min lowered the atocopherol content significantly (85.7% retention). The effect on the retinol content was less pronounced (91.7% retention) but still significant (P< 0.05). In bath cases, fur-157 ther heating (up to 4 min) did not modify the vitamin content. In the case of skim milk, liposoluble vitamins were not detected before and after microwave heating.
There is some information about the effect of microwave heating on the water soluble vitamin content of vegetables and meat. The effect of this treatment depends on the type of food and the conditions of heating (Cross and Fung, 1982; Baldwin, 1983; Gerster, 1989; Yoshida and Kajimoto, 1989) . However, bibliographic data about the effect of microwave heating on the vitamin content of milk are very scarce. VidalValverde and Redondo (1993) found that microwave heating of milk partly destroys its thiamin and this effect is directly proportional to temperature and time and inversel y proportion al to the lever of fat. In this study we observed that after microwave heating the retention of riboflavin ranged between 97-100% and no influence was observed for the lever of fat of milk.
Regarding the effect of microwave heating on liposoluble vitamins of foods, only a decrease of 10% of a-tocopherol content after microwave heating during 6 min in vegetable oils was observed. The decrease was less pronounced in the case of oils with high amount of polyunsaturated fatty acids than with saturated fatty acids (Yoshida and Kajimoto, 1989; Yoshida et al, 1990) . We have found no information about the effect of microwave heating on liposoluble vitamins of milk. In this work, we have shown that while no losses occur with whole milk, significant losses of oe-tocopherol take place after heating low fat milk for 2 min. This points out a protective effect of fat on the stability of a-tocopherol during microwave heating. The same observation has been made for some other vitamins. Thus Coulter and Thomas (1968) have pointed out that vitamin A is more stable in whole milk products than in low fat or skimmed milk products, presumably because of natural antioxidants present in milk fat. Lau et al (1986) observed that degradation of vitamin A during storage of fortified UHT milk varied inversely with the fat content in the milk. Fellman et al (1991) showed that vitamin A was more stable in low fat milk than in skim milk after exposure to Iight. Vidal-Valverde and Redondo (1993) also found that the degradation of thiamin after microwave heating of milk is inversely proportional to the level of fat. The fact that extended heating (up to 4 min) did not further modify the a-tocopherol content of low fat milk could perhaps indicate that a certain portion of the native a-tocopherol is lost rapidly on microwave treatment, with the remaining portion being resistant to further destruction. A similar observation has been made for light exposure of vitamin A (de Man, 1981 ) .
On the other hand, the data in table III pointed out that retinol is more stable than atocopherol after microwave heating. In previous papers (Vidal-Valverde et al, 1992 , we have observed the sa me effect during storage of milk. It is admitted that atocopherol is a natural antioxidant (Kanno et al, 1970a,b; Cort, 1974; Chow and Draper, 1974) and in this sense it would be possible to assign a-tocopherol a protecting role over retinol.
The conclusion of this study is that the microwave heating, in domestic conditions, does not affect, or only slightly, the riboflavin, a-tocopherol and retinol content of cow milk, and especially in the case of whole milk. Since this milk is a relevant source of vitamin A and E for a part of the population (babies and children) for whom milk is one of the most important parts of their diet, the fact that microwave treatment basically did not affect their content is important from a nutritive point of view.
